We have determined the sequence of a 1498 base-pair region in E. coli that extends from within dnaN through recF and into the gyr3 gene. An open reading frame of 1071 base pairs has been identified with the recF structural gene. By SI mapping, we have located a transcription start point 31 base pairs upstream of gyrB. The amount of this transcript is much greater in cells that have been treated with novobiocin, a treatment which is known to induce greater synthesis of DNA gyrase.
INTRODUCTION
This paper is one in a series of studies of bacterial DNA superhelicity.
DNA supercoiling in bacteria serves, among other things, to modulate the expression of many genes (for reviews see 1, 2), increasing transcription from some promoters while decreasing that from others. The superhelicity of bacterial DNA is itself controlled by a balance of the DNA-supercoiling activity of DNA gyrase and the DNA-relaxing activities of other topoisomerases, principally topoisomerase I (3, 4, 5) . One factor contributing to this balance is the level of expression of DNA gyrase, which is strongly Influenced by DIIA supercoiling. When the template DNA is relaxed, expression of both the gyrA and gyrB genes is greatly increased, thus tending to restore a higher level of DNA supercoiling (6) .
In order to study this mode of regulation in more detail, we have determined the DNA sequence upstream of the gyrB gene; this paper reports the sequence and some studies of transcription in this region. The gyrB gene, at 83 min on the Z_. coll map, is contained in a cluster of genes related to DNA metabolism; the gene order, in the counter-clockwise direction on the map, is dnaA dnaN recF gyrB. The DNA sequences of dnaA (7, 8) and dnaN (8) have been reported, and a fragment around the start of gyrB was previously sequenced in this laboratory (9) . The sequence reported in this paper extends into dnaN and connects with the sequence at the upstream end of gyrB. In the process, an open reading frame of 1071 nucleotides has been noticed, which can plausibly be identified as corresponding to the RecF protein.
Analysis of transcripts by SI mapping has been used to identify an RNA initiation site 31 base pairs upstream of gyrB. In_ vivo transcription from this promoter increases upon addition of novoblocin in a manner parallel to the induction of GyrB protein synthesis.
MATERIALS AND METHODS

Restriction enzymes were obtained from New England Biolabs or Bethesda
Research Laboratories, polynucleotide kinase and deoxynucleotidyl terminal transferase from P-L Biochemicals, and calf intestinal phosphatase from Boehringer-Mannheim. Plasmid pMK64 is a derivative of pBR322 containing a 2.2 kb EcoRl fragment which spans the recF gene and extends through most of dnaN on one side and just into gyrB on the other. Plasmid pMK47 contains the entire dnaN recF gyrB region and most of dnaA (10) .
E. coli strain N99 galK strA su~ and its derivative RM161 galK strA sur ecA::TnlO (pMK47) were used for the preparation of messenger RNA.
A restriction map ( this sequence also agrees with ours where they overlap.
Between dnaN and gyrB, the only gene that has been identified is recF (19) . RecF has also been localized to a 1.65 kb fragment spanning this is not known whether either of these transcripts covers recF, or whether there is a separate promoter for recF.
Because of our interest in the expression of DNA gyrase, we have mapped transcripts that extend into the gyrB gene. We previously identified an RNA species that begins 30 to 40 bases before gyrB (9) . In the present work we have refined the mapping of this RNA start point, and have also investigated the Induction of this RNA species when the cells are treated with novobiocin.
The SI mapping experiment of Figure 4 shows that cells containing plasmid pMK47 produce a major RNA species which starts at position 1149, or 31 bases before the initiation codon of gyrB. This position has an appropriate spacing from a Pribnow box sequence (TAAAAT, at 1136-1141 bp); it implies that the RNA starts with a T, which is relatively uncommon. In experiments to be published elsewhere (R. Menzel and M. Gellert, manuscript Figure 2 . Sequence of the I£. coll region upstream of gyrB (and part of (gyrB Figure 3 . PotentLal intra-strand base pairing in the dnaN-recF-gyrB region. Self-complementary sequences are indicated by head-to-head pairs of short arrows, in some cases connected by dotted lines. The figures show the expected stabilizing free energy of the structure in Kcal/mol, calculated as described by Tinoco ^t^ al_. (22) . Open reading frames (long straight arrows) and the start of the gyrB transcript (wavy arrow) are also indicated.
A T Figure 4 . SI mapping of the start of A BCp A the gyrB transcript. RNA samples were as follows:
lane A, RNA from strain N99; lane B, RNA from strain RM161 which carries plasmid pMK47 containing the dnaN recF gyrB region; lane C, RNA from novobiocin-treated RM161 (see Methods). The DNA probe was a single-stranded fragment labelled with 32 P at its 5' end at the Xmal site (position 1249) and extending to the Pvul site at bp 800. The last two lanes are the (A + G) and (C + T) MaxaraGilbert sequencing reaction products of the same fragment.
In determining the length of the protected DNA fragment in lanes A-C, one must correct for the fact that the sequencing products are identified with the 3'-terminal base which has been removed, and that they contain a 3'-phosphoryl group. Thus the Sl-resistant DNA must be compared with a sequence marker 1.5 bases shorter than its apparent position (23) .
